Indirect drug susceptibility tests of Mycobacterium tuberculosis was done to investigate the accuracy and feasibility of a broth microdilution method (BMM) for determining minimal inhibitory concentrations of conventional drugs against M. tuberculosis. Test drugs included isoniazid (H), rifampicin (R), ethambutol (E), streptomycin (S) and pyrazinamide (Z). Fifty isolates of
lated from patients without any history of previous tuberculosis treatment. The results were compared with those obtained by the proportion method in Lowestein-Jensen (LJ) medium using the same strains. The BMM may be used to determine the MIC of antibacterial agents against all mycobacteria. It is also useful method for screening new agents.
MATERIAL AND METHODS
Antimycobacterial agents -Test drugs included isoniazid (H), rifampicin (R), ethambutol (E), streptomycin (S) and pyrazinamide (Z), obtained by Sigma. A stock solution was prepared according to CDC (1985) recommendation. The antimicrobial agents were used in the following concentration: H: 0.05 to 3.2; R: 0.25 to 16; E: 0.5 to 32; S: 0.5 to 32 and Z: 12.5 to 800 µg/ml. All drugs were kept as a stock suspension of 1% in distilled water except for R that were dissolved in methanol, and stored at -25°C.
Culture and growth of mycobacteria -M. tuberculosis H 37 R v (pattern strain) obtained from the Collection Institut Pasteur (CIP 14210001) and 50 M. tuberculosis strains obtained from Sanatory Hospital Nestor Goulart Reis (SHNGR), Américo Brasiliense, SP, Brazil, isolated from patients who had never received drug therapy, identified in our laboratory until specie by classical method (Brasil 1994) , were mantained on LJ medium slants. Culture suspensions were prepared by growing the inoculum in Middlebrook 7H9 broth (Difco) con-In spite of 40 years of effective chemoterapy, tuberculosis is the major cause of death in adults among infectious diseases, being responsible for almost three million deaths annualy in the world (Dolan et al. 1993) . Nowadays, the number of tuberculosis cases in Brazil, is supposed to be one hundred thousand cases (Brasil 1997) .
However, the tuberculosis control program faces new challenges caused by the increase in multidrug-resistant tuberculosis (Fiuza et al. 1996 , Kritski et al. 1996 . Drug resistance is a limiting factor for the success of chemotherapy of tuberculosis and evaluation of bacteriostatic and bactericidal activities is essential for the assessment of susceptibility to antimycobacterial drugs before treatment (Kantor & Laslo 1998) .
In this study we analyzed the accuracy and feasibility of a broth microdilution method (BMM) using microplates with 96 wells for determining the minimal inhibitory concentrations (MICs) of conventional drugs. The activity of the drugs were tested against Mycobacterium tuberculosis H 37 R v as control strain and 50 M. tuberculosis strains iso-taining 0.5% glycerol and 10% OADC enrichment (Difco) for five days at 37°C, without shaking. To prepare the suspension for inoculation, the cultures were vortexed, left for 30 sec to allow the setting of heavy particles than diluted the suspension to reach a turbidity that matched the optical density of a 0.5 MacFarland standard. After this, a 100 fold dilution was prepared and used immediately.
MIC plates preparation -The plates used were 96-well microtitre plates with U-shapped wells. The plates were arranged to give12 rows by eight lanes and these were filled with 0.1 ml amounts of Middlebrook 7H9 medium, supplemented with OADC enrichment. The stock suspentions of drugs were diluted in Middlebrook 7H9 medium (pH 6.8, except for Z with pH 6.0) and seven serial dilution for each drug were prepared and 0.1 ml volumes were dispensed into plates. Plates were stored at -25°C until use.
MIC definition -MIC was defined as the lowest concentration that exhibitis no growth by visual reading, and the strains were considered susceptible for each drug, if their MICs were below or equal to the critical concentration.
Inoculation -Each well was inoculated with 5 µl of bacterial suspension (0.5 MacFarland standard). Medium without antimicrobial agents was inoculated with same suspension and with a 100 fold diluted suspension, as a growing control. The plates were sealed, put in plastic bags and incubated at 37°C for 28 days in a moisturized incubator. The bacterial growth (turbidity) was examinated 2, 14, 20 and 28 days after incubation. The results were compared with those obtained by the Proportion Method using the critical concentration of drugs (Brasil 1994) .
Proportion Method -Each isolate and H 37 R v were also tested by the standard proportion method in LJ medium (Brasil 1994) . Resistance was defined as growth on drug containing tubes greater than 1% of the growth on drug free control medium for H, R, E and 10% for Z and S. A single critical drug concentration was used for this method (Brasil 1994). Table. MICs were generally read when the organisms had reached good growth in control wells after 14-17 days but the reading was repeated after 20 and 28 days. Thirty-nine strains had no change in MIC between 17 to 28 day of incubation. While 11 strains changed the MICs but not greater than one fold dilution. This method showed that 78% of strains were sensitive to all drugs, i.e., the MICs value of drugs were bellow the critical concentration for 39 strains. In 11 (22%) of M. tuberculosis studied, the MICs were up to critical concentration for one or more drugs, and those strains were considered resistant. In four strains the MICs values were just one fold dilution greater than critical concentration. Proportion method showed that 90% of them were sensitive to all drugs and only five strains (10%) were drug resistant.
RESULTS

Drug susceptibility tests results of 50 M. tuberculosis strains are expressed in the
When the BMM was compared with the gold standard proportion method by Kappa test (Ligth 1971) it was observed sensitivity of 100% for all five drugs and specificity also good except for Z of 85% (Table) .
DISCUSSION
The M. tuberculosis susceptibility test used in Brazil is the proportion method in LJ medium using a single drug concentration, named critical concentration (Brasil 1994) . Because of the technical complexity of the testing procedures, the test is done only at reference tuberculosis laboratories (Brasil 1995) . When comparing the tests, the BMM was read faster (14-20 days) than the proportion method (20-28 days) because M. tuberculosis grew more rapidly in broth than in solid egg medium. The correlation of results for each drug was good but the BMM detected a greater number of mutant resistant cells (Table) . This method detected early in four (8%) strains, a population of mutant resistant cells whose MIC were only one fold dilution greater than critical concentration. The proportion method Jr et al. (1993) found 100% agreement for R, E and S when correlating both methods. They used Middlebrook 7H10 Agar medium for proportion method. It may be that the egg medium used at proportion method contributed for the difference and showed less sensitivity. The discrepancy verified for Z was theorically expected due to pH difference of media (pH 5.5 for LJ and 6.0 for Broth 7H9). According to Heifets and Good (1994) the Z has a bactericidal effect at pH 5.0 and the critical concentration at pH 6.0 for this drug should be 100 µg/ml rather than 50 µg/ml that we used. The possibility of determining the MICs for conventional drugs it should be useful for the treatment of tuberculosis due to partial resistant strains. The knowledge of drugs MICs make possible the use of the drug, until near the maximum concentration that the drug can reach in the human body.
The BMM was used for determining drug susceptibility of M. avium (Telles & Yates 1994 , Collins & Franzblau 1997 , of rapidly growing mycobacteria (Swenson et al. 1982 ) and other slowly growing mycobacteria including M. tuberculosis (Wallace Jr et al. 1986 ). To improve the mycobacterial growing reading, an association of this method with colorimetric techniques was suggested (GomesFlores et al. 1995 , Sato et al. 1997 , Franzblau et al. 1998 ).
In conclusion, the method proposed here is reproducible, comparable with standardized proportion method. It allows testing of multiple drugs at multiple concentrations. It is easy to perform and does not require special equipment or expensive supplies. Differently from radiometric methods it does not use radioactive material.
